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ABSTRACT

A study of thephysical characteristics of the axis deer [A4xis axis (Erxleben), 1777],
introduced into the Hawaiian Islands in 1868, shows no changes in weight and
measurements from those of India and Ceylon although it has been isolated for
almost 100 years. Tooth development and aging characteristics have been worked
out. Upper canines are present at birth but are lost before the animal is a year old.
Other physical characteristics are described and discussed in detail.

The reproductive cycle is found not to have changed from that of Indian axis
deer. Peak fawning periods are November, December, January, and February.
Fawns are produced during all months of the year. Males are sexually active during
all months of the year and regardless of the stage of antler development. The
majority of bucks are in full rut during June and July. Foetal development, weights,
measurements, and methods for aging the foetus are presented in detail ; also charts
of the reproductive cycle and other aspects of reproduction.

A study of behaviour shows the beginning of a harem system similar to that in
members of the genus Cervus. The rutting behaviour is typified by a highly ritualized
behaviour pattern, both as individuals and towards other males. Posturing by dis-
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playing facial expressions and body attitude seems to be related to territorial
behaviour and territorial signpost behaviourisms.

The general behaviour as individuals and as a group in relation to types of cover
and distances from cover is significant. The animals avoid extensive open areas as
well as extensive closed forests. The behaviour of the animals by day and by night
is discussed in relation to crop damage with possible significance and its meaning.

INTRODUCTION AND ACKNOWLEDGEMENT

The axis deer was, so far as can be determined from existing records,
introduced into the Hawaiian Islands in 1868. These records, based
entirely on several newspaper accounts, mention only eight animals,
three bucks, four does, and one fawn. The various versions of the
arrival of these deer and their subsequent release on Molokai Island are
well documented by Cooke (1949). The entire stock of deer on both
Molokai Island and Lanai Island dates back to this one introduction
of eight deer. Lanai received a stock of 12 deer in 1920. There is
some question about the total number of deer transplanted to Lanai
but there is no question of the source of the deer, Molokai Island
(Cooke 1949). From where or when the present remnant population
of axis deer on Oahu Island was introduced is not known. It is possible
that deer were brought from Molokai, possibly from other sources.

The most important point, however, is that on Molokai and Lanai
the entire population of deer, estimated today at a total of 5000 to 6000
head, is the progeny of only eight animals. This should provide some
interesting food for thought for those sportsmen who persistently contend
that inbreeding degrades our game species—or rather that the deterio-
ration of a stock of game is due to inbreeding.

As will be seen from our study, there has been no deterioration,
physical or otherwise, in the Hawaiian deer herds. No one knows
how many deer have been produced since 1868 on Molokai and Lanai.
On several occasions, once on Lanai and once on Molokai, there was a
determined effort to exterminate the entire deer population. Cooke
(1949) quotes figures which give some idea of the tens of thousands
that were slaughtered. It is a well-known fact that deer have been
hunted continuously and hard during their entire existence on the
Islands. All the evidence that we have been able to find, both from
the past and during our present study, shows that the axis deer of Hawaii
today is in every respect the equal of the Indian axis deer, both as
compared with past measurements and present ones.

The habitat of the Hawaiian axis deer ranges from semi-desert types
at altitudes generally below 1500 ft. to rain forest at the higher altitudes,
reaching rainfalls of over 200 inches at 3000 to 4000 ft. The lower dry
habitat is primarily an open savanna-type acacia forest, primarily kiawe
or Algaroba (Prosopis chilensis) with an understorey of Lantana (Lantana
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camara) and llima (Sida fallax) and a variety of grasses, primarily the
native Pili grass (Heteropogon contortus). The rain forest habitat con-
sists primarily of mixed fern and Ohia (Metrosideros sp.) forests and
various native and introduced grasses. While many parts of this forest
present dense growths of shrubs and ferns, other parts are open glades
and open park-like forests of the giant tree fern (Cibotium sp.).

In all cases, both dry habitat and wet, the deer are found in semi-
open habitats or where dense forests are liberally interspersed with
glades and meadows. The affinity for such habitat will be discussed in
greater detail under behaviour.

The study was financed in part by the State of Hawaii and the United
States Government under the Federal Aid to Wildlife Management
Programme (Project W-5-R) and in part through a sabbatical leave from
San Jose State College. In addition the American Philosophical Society
provided support for continued study during the summer of 1959 to
complete some unfinished investigation on Molokai Island. '

PHYSICAL CHARACTERISTICS
Axis axis (Erxleben) 1777

Type locality. Banks of the Ganges, India.

Flerov (1952) places this deer in the genus Cervus on the basis
of morphological affinities and characteristics. In this respect our
observations, on the basis of morphological characteristics, field
characteristics, and habits, agree with his conclusions.

GENERAL DESCRIPTION AND MEASUREMENTS

In general appearance a small cervid, mature males standing about
36 in. at the shoulder, females about 30 in. ; males with antlers ; manes
lacking ; colour fawn or tan with persistent white spots ; colour dimorphism
weak and irregular. Antlers grow from high pedestals, rounded in cross
section, and only lightly roughened near lower quarter ; beam simple,
strongly concave in outline and sharply inclined backwards at a point
just above the pedestal.
Measurements in millimetres of typical mature specimens are as
follows :
Mature male collected 25 March 1958, Molokai Island, west end : Total length

1780 ; tail 280 ; hind foot 440 ; ear 135 ; height at shoulder 935 ; weight : live
156, dressed 116 1b. «

Mature female, collected 9 Feb. 1958, Molokai Island, west end : Total length
1640 ; tail 265 ; hind foot 375 ; ear 125 ; height at shoulder 750 ; weight :-
live 105, dre%sed 70 1b.
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Graf : Axis Deer

Family group. Doe with yearling daughter and current fawn
The terraine and vegetation is typical of the dry parts of Lanai and Molokai Islands.

(Photo : Lyman Nichols)
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Largest male measured was from the west end of Molokai Island, taken 9 Jan.
1958 : Total length 2070 ; tail 300 ; hind foot 430 ; ear 144 ; height at shoulder
1000 ; weight : live 215, dressed 170 Ib.

Largest female was taken on Lanai Island, 29 Oct. 1957 : Total length 1660 ;
tail 274 ; hind foot 405 ; ear 129 ; weight : live 120°5, dressed 88°5 1b.

On the basis of condylobasal length, Pocock’s (1943) specimens
show a greater size in males. His male axis skulls all range from 260 mm.
to 302 mm. with most of them in the upper limits. The largest buck
collected in Hawaii, an old buck estimated at 8-9 years old, had a con-
dylobasal length of 293 mm. Pocock’s males may have been specimens
collected by hunters, who tend to select older, trophy-sized animals.
His female skulls show a range from 231 mm. to 260 mm. These com-
pare favourably with Hawaiian skulls which ranged from 216 mm. to
265 mm. Eight fully matured does, i.e., two years or older, averaged
244 mm.

Phillips (1935) lists the average of 9 Ceylon males and 3 females.

Males : Total length 1420 ; tail 283 ; hind foot 392 ; ear 156 ; height at shoulder
831 ; weight (of 5 only) 162 1b.

Females : Total length 1283 ; tail 177 ; hind foot 301 ; ear 115; height at
shoulder 698 ; weight 1093 1b.

If these measurements are representative, it would appear that
Hawaiian deer do not differ greatly from the Indian. Pocock’s female
skulls bear this out and, although his male skulls are larger, the
uniformity and measurements near the upper limits indicate selective
collecting—as could be expected when skulls are obtained from sports-
men. Our Hawaiian skulls are, however, close enough to be comparable.
The Ceylon measurements would indicate that the deer there are some-
what smaller if the averages given are from representative mature deer.
The largest listed had a total length of only 1701'8 mm., a measurement
more nearly that of our average (table 3) of 1781 mm. These discre-
pancies could very well be in the method of taking measurements. The
axis deer has apparently lost none of its characteristics during more
than 90 years of isolation'and inbreeding from four original pairs.

These deer are considered the most primitive representatives of their
group today, as shown by various morphological characteristics. These
characteristics are particularly the high.bony :pedicles from which the
antlers grow, the simple-antler structure with only a basal brow tine and
a simple upper tine always on the.inside of the beam, the weak and
inconsistent colour dimorphism,:and the strongly spotted coat which is
persistent throughout life. “The weakly developed herding and harem
characteristics for a member of this group probably also can be added
to this category.

10



IOURNAL, BOMBAY NATURAL HIST. SOCIETY, Vol. 63 (3)

634

ebuad avup. jo3.0).umy

\\\\\\\\N abues s32p.pue)-Aiq
.

\\\\ TR . S
/ \.\\mk&&&%@&@% 7 7 \\ia\\“\\ \\\\\\\\
e \
W \

N\ } \O

R

sy

-19¢) -
nNorLngluisyg 2 IONVY 4337

IWHOTOW



635

THE AXIS DEER IN HAWAll

\2...

108 \\\
<

. \\\\ m
@
w .
x§ .
R \\x\\\\\\
_u_a::oc” \\WW\“& \\\\M\\\\ \ 7 \\\ 7 7, »,,.

7

¢
%

.
7

29._.3&.5_0_ mwmu_wlz<m wasq .w z m N. N\@\\\“xwu§ %>

*Nemy

IVNV T m

inounes 1001 S3lepunoq uBBML3q Jaquinu “xeuddyy
; 26ues 122p-152.05-yam
2Buea u22p-puej-Auq



636  JOURNAL, BOMBAY NATURAL HIST. :SOCIETY, Vol. 63 (3)

In outline the axis deer quite strikingly resembies a small elk or
wapiti, with its high shoulders, thin neck, and rather long face which
in shape and outline strongly resembles that of its large relative. In
general the body is well-knit and graceful in appearance. Does with
their thinner necks appear a bit ungainly about the head, somewhat
after the manner of a cow elk, thus heightening the resemblance between_
these two groups even more. Bucks present a better balanced and more
pleasing appearance to the eye, particularly during the rut when the
necks are enlarged. Young bucks or even old ones, when the necks .

are still normal in size, show a tendency toward the same ungainliness .=~

observed in does, though not to the same extent, .

COLOUR

All points considered, the axis deer probably rates as one of the
most beautiful of all deer. The ground colour of the coat is generally
a light reddish brown or yellowish brown. In the males the neck and
foreshoulders may be darker, almost charcoal, and in one or two this
part was observed to be a lighter yellowish or light fawn. colour in contrast
to the rest of the body. Females never show this darker colour. The
entire dark part of the body is covered with snow-white spots about
20 to 25 mm. in diameter. These are arranged roughly in rows parallel
to the mid-dorsal line and across the lower hips, flanks and shoulders ;
on the neck up to the head and elsewhere, the spots are more or less
arranged at random, but may at times take the form of broken rows.

The outer legs are without spots and the chest, belly, and inner legs,
and at times the outer, lower legs, are pure white. A white throat
patch extends from about half way up the throat and along the lower
jaw to end just below the nostrils. The white of the belly and inner
hind legs continues in a narrow band between the buttocks and along
the under surface of the tail.

A dark chocolate-brown to blackish brown band extends along the
mid-dorsal line from about midway of the neck to the rump ; within
this band and on each side of its center line is a row of white spots.
The upper side of the tail is light brown bordered with darker brown
hairs where it joins the white under surface. A thin line of dark brown
-hairs splits the white of the chest from the lower throat down the brisket.
The white spots on the neck give way to a solid light brown on the head,
face, and back of the ears. The edges of the ears are rimmed with
-dark hairs, while the inner surface of the ears is white near the base.

-Does are generally slightly lighter in colour than bucks, especially
‘over the face and neck. Bucks have a black or dark brown diamond-
shaped spot in the middle of their forehead and a black line that extends:
from the antler base to the eyebrow on cach side of the head, and con-
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- tinues from the eyebrow to the bridge of the nose, thus forming a black
inverted chevron on the face. The black may or may not continue

- down the nose to the muzzle, but there is always a black band that runs
from the rear of the mouth forward and over the muzzle just behind

_the nostrils. The ground colour of the head and face is lighter brown

~than the body, while the naked portion of the muzzle is grey in colour.

: Does’ oecasionally have dark faces, but the black chevron and nose
band are not present.

Bucks often have darker necks than does. This darkening of the
ground colour extends from the front of the shoulders to the head and
is highly variable, from just a very slightly darker brown to almost

, charcoal black. On Molokai it was most pronounced during late
summer and fall in bucks with fully hardened antlers. Bucks in shed
-or velvet condition appeared more uniform in colour. The dark necks

. were also more pronounced on the leeward side below Mauna Loa, some
here having the almost charcoal black necks. This was also the area
.where one melanistic buck was seen.

- No-colour difference was-observed between the deer of the hlgh wet
forest-and the dry lowland areas although hunters claimed that.deer
:were darker from the swamps of the high cloud forest. 2oms '

= . Antlers take on the characteristic colour of the substances with which
they come in contact when rubbed and antler colour may vary greatly
_from range to range. -

MELANISM AND ALBINISM

"~ Melanism, i.e., an all black colour, is rare in deer. It was observed
‘in one buck on the leeward side in the Punakau Game Area in 1958.
_This was a mature buck of better than average size with fully developed,
‘hard antlers. The colour appeared as an overall charcoal black, rather
‘than a glossy black. The white spotting appeared in normal pattern
from a distance, but due to cover it was not possible to determine. the
colour.of the underparts. This particular area also has shown the darkest
neck -colours of -any area observed on Molokai. This ‘ black ’ colour
appeared similar to the black observed in the melanistic mule deer
specimens of northern California and Nevada. It was not possible to
determine whether any brown hairs were mixed in with the black because
of the distance. Lydekker (1893) mentions a black variety. He says :
{there is a rare black variety of the spotted deer, in which the spots
are scarcely perceptible.’ :

Albinism- apparently occurs, but is rare. One albino buck was
reported seen in the mountainous country east of Kaunakakai, Molokai.
Bahadur (1942), reporting on a captive albino,. states :

" ~+* The original sire has horns‘about 2 ft. in length with no tines ; they are always
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in velvet, of a pink flesh colour, and the ends appear slightly raw. He drops
his horns annually but the new ones grow in the same way. ’

He described the albino as having pink eyes, nose, ears, and light coloured
hoofs.

Mrs. Marie Palit, of Ranchi, India, in personal correspondence
states that she has seen 3 albino fawns in the past 12 years near her
home. Two were picked up and died, and the third, three-fourths
grown, was seen with a normal coloured doe.

THE CoAT

The coat is composed of soft, fairly short hair which normally lies
flat and gives these deer a very sleek appearance. The hairs are not
brittle like those of North American deer and antelope, but are soft
and flexible, and the coat is silky to the touch. There is a sparse under-
coat of very fine hair beneath the outer coat of guard hair. Sebaceous
and apocrine glands are found at the base of each hair shaft, and these
exude an oily liquid which makes the coat shine and helps repel water.
However, the amount of oil normally exuded is slight, and the coat
feels dry and fluffy. On very hot days, though, the secretion is increased
and tiny droplets may be seen on each hair, giving the appearance of
sweat.

The coat of young fawns is somewhat heavier than that of the adults,
but the hairs are finer and fluffier, giving the fawns a fuzzy appearance.
The fine silky undercoat is also heavier.

Bucks, at least, have the ability to erect most of the hair on the neck
and torso, as well as hair on the tail and of the rump patch. When a
buck is threatening another, he will erect the hair over most of the body,
particularly that of the white rump patch and the under-tail so that he
resembles an angry, fluffed-up tomcat. Does have not been observed
to fluff out their whole coat, but they erect the hairs of the rump patch
and the under-tail when excited.

The coat is kept clean by frequent licking ; in fact, these deer are
one of the cleanest of all wild animals that we have observed, and none
has ever been observed with a dirty coat unless it had very recently gotten
up from a muddy bed.

The seasonal change in the coat is very gradual and, rather than the
usual fall and spring moult observed in North American deer, there is
a gradual thinning so that in the winter the coat becomes somewhat
heavier and again in the summer somewhat lighter. A moult such as
can be observed in North American deer could not be detected, and
the process of moulting itself was hard to detect at a given time. The
one difference that could be noticed, though it was slight, was that
during the period when the antlers were shed or in the velvet some of
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the bucks did not show the darker neck colour, appearing lighter on
those parts.

ANTLERS

The antlers develop from bony pedicles which rise about one to one-
and-a-half inches above the surface of the frontal bone, the antler form-
ing a distinct burr at its base and growing in a line with the axis of the
pedicle to a point where the brow tines branch from the beam. At this
point the beam bends sharply backward, almost 45° from the original
axis for roughly half its length and then bends upward again at nearly a
right angle ; this presents a distinctly backswept and concave or dished
outline from the plane of the face. The brow tines arise at right angles
from the beam and grow forward and outward. The main beams turn
slightly outward and continue to spread until about the main bend in the
beam, then continue more or less parallel during the upward sweep.
A single tine branches from the inner side of each main beam near the
upper one-fourth of the otherwise unbranched beam. In well-formed
antlers the view from the front is an almost perfect lyre shape. Some
have very narrow, almost parallel, beams and others very widespread
ones, though the latter appears to be less common. The most sym-
metrical antlers will have a spread of about % to § their length at the
bend of the beam with the tips somewhat closer together. A good set
of mature antlers in the 30-inch class makes an interesting and fine
trophy, though somewhat plain in its simplicity.

The surface of the antlers is slightly to moderately roughened
or veined, with the lower or basal part showing the greatest degree of
roughening, and even beading at times. This varies from animal to
animal, some antlers being almost smooth, others very rough on the
lower 3. A pair of large antlers in the office of the Molokai Ranch is
covered over the entire surface of the beams with fine to very coarse
beading. These antlers were said to have come from a castrated buck.
Although roughened over the lower surface, the antler tips are nearly
always smooth, polished, and sharp. ,

Beneath the drying velvet covering, the newly-matured antler is
bone white, but as soon as the velvet begins peeling, blood begins to stain
the antler brown. Rubbing against trees, shrubs, and sometimes the
ground, continues to darken the stain while the roughened portions of the
antler soon become filled with embedded bark fragments and dirt, leaving
the antler surface relatively smooth and dark except for the ivory-coloured
tips. - - The objects against which the antlers are rubbed will largely deter-
‘mine their final colour. In the kiawe (Prosopis chilensis) forest zone, they
are frequently a light to a medium brown, and not uncommonly,
a greenish brown colour from the embedded bark and stain, Some may
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have a yellowish or reddish cast from the colour of the sbil in the area—
a soil which readily stains objects. :

In the wet cloud forest of Molokai, antlers are so frequently washed
by rain and by contact with wet shrubbery that the bark fragments do not
have a chance to set into a hard paste, and are usually washed off, leav-
ing the antlers more or less free of debris. They are, however, comm‘only
coloured a dark chocolate-brown from the staining effects of plant Juwes
and blood, and are usually darker than those from the lowlands.

" The clean; ivory-white of the tips may result from gouging the antlers
into:the ground—a Hhabit of some bucks, but:may be partly due to'the
natural smoothness of the bone surface here, which does not take a staln
readily nor hold a coating of bark or dirt.. :

Yearling bucks develop spike antlers that point to the rear like short,
sharp daggers. Such spikes may at times be adorned with several short
snags at their bases. Second-year bucks may develop a.simple beam
with brow tines or may develop light-beamed three-point antlers: In
these the main-beam tine may be a mere stub or it may exceed the main
beam above it. Such antlers usually lack the curving sweep of older
bucks. ‘

Antler variations and malformations are common: Bucks are
commonly seen with one normal, fully developed antler, and one that:is
shorter and lacking the upper point, or is twisted and deformed. Some
of .the defects may be of a hereditary natute, but others are undoubtedly
due to.injuries sustained while the antler is still young and soft. .

Old bucks are occasionally seen with antlers lacking thé intermediate
or main-beam tine, the main beams forming long curved spears. Such
bucks.have passed their prime sexually, and, as is common in most deer,
antler points decline in number and.size after this, the main beam being
the last to be affected. Just what this age is is difficult to:say. Rudolph,
the captive buck on Molokai, grew antlers .as large as any previously
grown in his 9th year, indicating that he had not yet passed his sexual

prime.

ANTLER MEASUREMENTS

The largest antlers' measured during the study were 37 in. in length
along the curve of the beams. These were brought in toolate to-be in-
cluded in our tables. There are without doubt larger bucks with better
antlers on both Molokai and Lana1

- Table 1 lists the average measurements in cm: and inches of all the
antlers measured during this study with the exception of splke bucks’
which are obviously not full grown. The upper and lower ranges of the
measurements encountered in the study are also included. The various
measurements were analyzed statlstlcally to seeif there was any mgmﬁcant
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Graf : Axis Deer

Skull of typical, mature axis buck from Hawaii

(Photo : Lyman Nichols)
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difference between antlers of Molokai and Lanai bucks, butin all cases it
was found that there was less than one chance in 100 that there was a
real difference noted in the sample of antlers measured between Molokai
bucks and Lanai bucks—analysis showed that this was due to sampling
error rather than to a real difference in size between the two populations.
Consequently, all measurements of antlers of Molokai and Lanai bucks
were lumped together and again statistically analyzed to give the data
presented in Table 1.
TABLE 1
ANTLER MEASUREMENTS (IN CENTIMETRES) OF ADULT BUCKS

(The numbers in parentheses show the equivalents in inches)

Average Beam Length
(Length of left and right beams averaged)

Sample Mean (Average Beam Length) .. .. - " 55-89
(22:00)
Standard Deviation of the Mean .. .. .. 1-46
Clgyg of the True Mean .. .. .. .. 52:11-59:66
Sample Range (Shortest and Longest Measurements) .. 24:2-804
\ © o (952-31°65)
Standard Deviation .. .. .. .. 12:93
CI of 9979 of the True Range i of ... 17°10-94-68
. (6-74-37-25)

Number of Measurements in Sample .. - .. 79

‘Average Circumference above the Burr
(Circumference of left and right beams averaged)

Sample Mean (Average Circumference) .. .. .. 11-37
(4-48)

Standard Deviation of the Mean .. .. .. 003
Clgg of the True Mean ... .. . .. 11:29-11°45
Sample Range (Smallest and Largest Circumferences) .. 9:0-156
(3:54-6°15)

Standard Deviation .. .. .. .. 1'55

CI of 99'79% of the True Range- .. .. .. 671-16°03

. (2:64-6°32)

Number of Measurements in Sample .. o .. 79

Average Circumference above First Fork
(Circumference of left and right beams averaged)

Sample Mean (Average Circumference) .. od . 855
Standard Deviation of the Mean ... P .. 017

Clgg of the True Mean .. . . ‘e 8:11-8-99
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Sample Range (Smallest and Largest Circumferences) .. 6:0-12°4
a (2:36-4°88)
Standard Deviation .. .. ¢ 00 1-46
CI of 99:7% of the True Range .. . .. 416-1293
(1:64-5:17)

Number of Measurements in Sample .. .. .. 76

Spread between Tips of Main Beams
Sample Mean (Average Spread) - N .. 3942

(15-50)

Standard Deviation of the Mean .. » .. 121
Clyp of the True Mean .. o0 o .. 36°30-42'55
(14:28-1675)

Sample Range (Narrowest and Widest Spread) .. oa 19-0-70°5
(7°48-27-74)

Standard Deviation o B0 .. .. 1044
CI of 99:7% of the True Range .. . .. 810-70°75
(3:19-27:85)

Number of Measurements in Sample .. . .. 75

Also included in Table 1 are the statistically computed confidence
intervals for the means of the measurements. While the averages of the
measurements may be determined arithmetically from the samples
examined, it does not necessarily follow that the sample average is exactly
the same as the true average of all antler measurements.. Analysis shows
within what limits the true average probably falls. For example the
average antler beam length of the antlers measured was found to be 55:89
cm., but statistical analysis of the data shows that the frue average of all
antlers, including the great number not examined, probably falls between
52:11 and 59:66 cm., with less than one chance out of 100 of falling out-
side of these limits (indicated by Clg,).

Analysis of the data also can show the probable upper and lower
limits of the measurements of all antlers. Again using the antler-beam
length as an example, it may be seen from Table 1 that the shortest antler
beam measured was 242 cm., and the longest was 80'4. Since only 79
sets of antlers were measured to determine this range, it is reasonable to
assume that out of several thousand deer remaining unmeasured some are
going to have shorter, and some will have longer, antlers than thoseé.
examined. Statistical analysis of the sample data indicates that about
99:79% of all bucks on the two islands will have antlers measuring bet-
ween 17°10 and 94'68 cm. in beam length. Thus we can state that the
longest antler length that can normally be found on Molokai and Lanai
is probably about 94:68 cm., or 37} in.—but of course, there is stlll a
chance that a few rare individuals may exceed this length, ~
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It was noted that antler circumference and beam length seemed to
be roughly related to the size of the buck, and these measurements were,
therefore, examined graphically and statistically to see if this was truly the
case. Examination did show a fair correlation between antler circum-
ference above the burr and the dressed weights of the bucks, and
indicated that antlers grow more massive in direct relation to the bucks’
increase in weight as demonstrated in Figure 1. Although the general
correlation could be computed and shown, individual measurements did
not follow the computed average regression line too closely. The corre-
lation of beam length and body weight was very weak and is not illus-
trated.

Fig.I
Antler Circumference (in centimeters)
vs.
Dressed Weight (in pounds)
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It is probable that antler beam circumference, and possibly beam
length, are directly related to the age of the buck, getting larger and longer
as the buck grows older. Unfortunately the ages of the bucks whose
antlers were measured were not known. Until a number of known-age
bucks are available, this relationship cannot be determined with
certainty, Both food quality and quantity, and heredity are known to
influence antler size and could upset the direct relationship between size
of body and antler size. Also it could well be that body weight and age
of bucks are not closely related beyond a certain point ; hence the weak .
correlation between antler size and weight. - -
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- For those who ‘are interested in the antler  measurements of bucks
from India and Céylon, the followmg w111 gwe some comparison.:

. _Beam - Circum- Spread
. ) - Length ference K o
India—(Lydekker 1898) L 38% .43 T 19 in.
India—(Rowland Ward 1928) B 40 4%, #in..
Ceylon—(Phillips 1935)‘ . 36 ) 4 - 23%in.
: - 36F 193 i in.

_Any buck with antler beams above 30.in. and a basal cnrcumference of
over 4 in. can be considered a good one. It would appear from our
measurements that Hawaiian deer have heav1er and wider antlers than

the Indian or Ceylonese deer.

WEIGHTS AND BODY' MEASUREMENTS

There is a persistent misconception among many people both in
Hawaii and among tourists who have visited the Islands, that the
Hawaiian. deer are small, almost tiny. Expressions such as.‘small’,
‘ tiny °, etc. are often heard. How or why this should be is not known ;
certainly the axis deer cannot be listed with the largest deer, neither can
it be listed with the smallest.. They compare favourably on.the average
with the well-known white-tailed and black-tailed deer of North America,
although the extreme weights of bucks of these species exceed those:of the
axis bucks that we have weighed. However; in view of our lack of a good
sample of large bucks from the high forest of Molokai, th1s dlscrepancy

may not be as large as it appears to be.

TABLE 2

AVERAGE DRESSED WEIGHTS (IN POUNDS) OF HAWAIIAN AXIS DEER

Adult Bucks

Sample Mean (Average dressed weight) . 120-3
Standard Deviation of the Mean © 923
CI99 of the True Mean .. 114-5-126°1

Sample Range (Lightest and Heav1est Weighed) 74:0-170°0
Standard Deviation . e . 2132

~ CIof 9977 of the True Range » ) 56:3-184:3°

Number of Measurements in Sample .. ¥ CER 92 “

. ) . Spike - Bucks ~ ] B

Sample ‘Mean (Average Dressed Weight). - R

Standard Deviation of the Mean A Tl C246
o 82:5-94:6

Clg of the True Mean .. v o
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J. BouBAaY NAT. HIST. Soc.63(3) Prate VII
Graf : Axis Deer

Willie, the hand-raised Fawn, at 69 weeks old

Willie’s antlers were fully mature at 63 weeks. Here, at 69 weeks the swelling
neck, sleeker coat, and filling out of the body show the full masculinization of a
buck entering the rut. At this age he was mean and aggressive, constantly looking
for trouble and dangerous to humans, whom he no longer feared. The lower
picture shows him in the typical attitude and posture of a challenging buck, the
attitude and expression during ritual posturing between two bucks.

( Photos :  Lyman Nichols )
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Sample Range (Lightest and- Heaviest Welghed) N .. 710-109-0
. Standard Deviation .. oy, . SO .. 1080
CI 0f 99.7% of the True Range > o ..+ 56°1-120°9
Number of Measurements in Sample ..~ 35 ’ 26

Adult Does

Sample Mean (Average Dressed Weight) ! .. 705
Standard Deviation of the Mean ... .. .. 1:67
CI,, of the True Mean .. aa 90 o 65:0-75°1

Sarﬁplé Range (Lightest and Heaviest Weighed) oo .. 55:0-97:0
Standard Deviation . .. .ot .. 9:0
CI of 99.7% of the True Range i .. .. 4559774

Number of Measurements in the Sample .. .. 30

The average dressed weights (with.-the viscera removed) of the axis
deer examined are given in Table 2. ‘ Adult bucks ’ here refers to those
larger than:spike-bucks, which are generally referred.to as yearlings.
From this table it can be seen that the average weight is 120°31b. It was
found that the average loss of weight in the field dressing was 249 ;
thus the average live weight of adult bucks is about 158 Ib. The compu-
tations indicate that the largest bucks may dress out at as much as 1843
Ib., or weigh when alive up to 243 lb., and possibly more in exceptional
cases. The heaviest buck examined during the course of this study had
a live weight (whole weight).of 215 Ib. and, eviscerated, weighed 170 1b.-

It should be pointed out here that weights and statistical conclusions
are based on deer collected in the dry-land habitat, with one exception
—one buck taken from the Molokai wet forest. This buck, compared
with a Molokai buck of the same age class and size from the low, dry-
land-areas, was found.to weigh 10 to 129/ heavier. Actually the nearest
comparable dry-land buck was slightly larger than the one from the high
forest.” If this difference in weight should prove to be a general- rule,
then we might expect to find bucks that will go as high as 250 1b. dressed
weight in the wet forest area. We have had unconfirmed reports from
hunters of weighed bucks in this weight range.

Tt ‘must also be remembered that the deer of these tropical regions.do
not put on layers of fat as do northern deer. The best-conditioned bucks
that we have examined show almost no subcutaneous fat and only a
moderate amount of visceral fat. In contrast, northern-climate deer in
good condition put on many pounds of fat in the fall, thus adding con-
siderably to the weight of the animal.

Does are considerably smaller than adult bucks, weighing on the
average, only about 705 Ib. dressed. .Since they lose about 319 of
their weight upon field dressing, a percentage which varies greatly during
pregnancy, an average live doe would weigh about 97'8 1b., an extremely
large doe could weigh up to 141 1b.
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As 'a matter of interest, the normally unused portions of one buck
were weighed separately to determine what part of the animal’s weight
they represent. It was found that in this case, the viscera (all internal
organs) weighed 25% of the live weight ; the hide 7-2% ; the head 66 % ;
and the feet 29,. The forequarters (separated from the hindquarters
between the last two ribs as is usually done) weighed 3029, of the live
weight, and the hindquarters 28:3%,. The remaining 0:7 Y, of the weight
was accounted for by blood loss.

Weights of Lanai deer appeared to be greater than on Molokai, but
statistical comparison again showed no significant difference between the

two populations.

TABLE 3

AVERAGE BoDY MEASUREMENTS (IN CENTIMETRES) OF Axis DEER
(The numbers in parentheses show the equivalents in inches)

Adult Bucks

Average Length Sample Range

Total Length .. 178l = Goooooocooacooo 164:0-207-0
(7025) ...

Tail Length - 300 eeeiiieenn 26°0-36:0
22

Hind Foot oc S N 39:0-45-0
(16°5)

Ear Length 0o 1377 e 12-0-15:0

- 54

Shoulder Height 00 P71 50000000000000 80°0-101-0
36:7)

Head Length 50 K - 29:0-33'5
12-2)

Spike Bucks

Total Length .. 1622 e e O 148:5-173-0
(63-8)

Tail Length .. 301 e 26:5-36°0
(11-8)

Hind Foot .. 402 i iieiiiean 31:0-44-0
(158)

Ear Length . 13- o 12:5-14°5
G2

Shoulder Height .. 854 e 78:0-99°0
: (33:6)

Head Length .. 284 i iiieeeeane 24'0-30°S
2k T s (11-2) e
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Adult Does

Total Length .. 1557 .. 144:0-167-5
(613)

Tail Length .. 270 e 20°0-30:0
10-6)

Hind Foot .. 3775 e 35:5-40°5

(14-8)

Ear Length ol WRS ~ Gooocoooocaooao 11-5-13'4

(50)

Shoulder Height .. 781 70-0-87
(30°8) v

Head Length .. 278 e 24-5-300
(109)

Various body measurements were also made on deer examined during
the study and are presented in Table 3. The total length is the length
from the tip of the nose to the tip of the last vertebra in the tail, following
the body contours. The tail length is from the tip of the last vertebra
in the tail to the junction of the coccygeal and sacral vertebra, and is
taken by bending the tail at right angles to the back and measuring from
the base to the tip of the tail exclusive of hair. The length of the hind
foot is measured from the point of the hock to the tip of the hoof, and the
ear length from the notch of the ear (the deepest notch at the inner base
of the ear) to the tip. Shoulder height is from the ball of the foot to the
mid-line of the back and, though it is slightly longer than the actual
standing height, it gives a reasonable approximation of the true height
at the shoulder. The head length is from the tip of nose to the notch of
the ear. With the exception of the head measurement, which we added
for our own convenience, these are standard measurements used in the
scientific comparison of animals. They provide a constant standard of
comparison which the layman will have little occasion to consider and
even less to use.

GLANDS

The external scent glands of the axis deer are similar to those of
other deer. Inter-digital glands are present between the toes of each hind
hoof, and are indicated externally by a distinct line of dark hairs. The
skin at the opening of these glands is involuted and covered with short,
oily hairs, while subcutaneous glandular tissue is abundant. There is
4 less distinct line of dark hairs between the front toes, but the involuted
skin, oily hairs, and glandular tissue are absent or much reduced, indi-
cating a lack of functional glands here. Metatarsal glands-are located
several inches below the hock on the outside of the metatarsus, or lower
hind leg. The glands themselves are small—about three-quarters of an
inch long—but are indicated externally by a larger clump of comparatively
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long, light-coloured hairs, which are quite apparent against the normally
short, brown hair of the leg.

‘The most noticeable and interesting of the external glands is the infra-
orbital gland located just below the inner corner of each eye. .This
gland normally appears as a mere slit extending from the junction of the
upper and lower eyelids. When the deer is excited, however, the gland
can be rapidly opened to reveal a large, shallow pouch of nearly the
dimension of the eye itself. At the lower, or nostril end, of this gland is
a clump of longer oily hairs that are normally folded inwards and en-
closed in the slit-like opening. When the gland is flared open, these
hairs are rolled outwards, forming an oily tuft at the end of the pouch.
This gland appears to be activated by excitement, anger, or other emo-
tional stimuli, and can be opened or closed almost-as fast as the winking
of an eye. Excitement can be in the form of hunger and anticipation ;
when fawns are nursing, or are about to nurse, they become tense with
anticipation and their infraorbital glands are flared wide. Or when deer
are alarmed, they stand tense and alert, with the glands partially opened.

The glands appear most highly developed in bucks, and appear to
be most important when the buck is threatening or challenging another
buck, or just stalking around impressing himself with his own importance
and toughness. In such instances the glands are opened to their utmost
and add considerably to the fierce expression of the face.

Close observation of the captive buck Rudolph, on Molokai, showed
that apparently the slightest emotional disturbance or stimulus would
cause the glands to open. Obvious stimuli, such as threatening gestures
toward the buck or walking close to the fence, caused the glands to flare.
Sudden motion towards the buck never failed to bring reaction. Even
when standing 10 to 15 feet from the buck, the sudden motion of the hand
toward him would cause the gland to open at least partly, and a threatening
step forward would usually bring it to full expansion. It was also noticed
that even though no threatening gestures were made and the buck had
been allowed to become quiet, the gland would at times open partly,
sometimes momentarily almost fully, even though no apparent reason
was visible.

At this time the antlers werestill in velvet, though almost fully
developed in size, and the buck’s neck was showing some slight swelling,
indicating that the emotional state of the rutting condition was building
up. Normally;. a buck’s neck shows no swelling before the antlers are
hard, and in North American deer we have never observed neck swelling
among bucks still in the velvet. However, a number of axis deer have
been observed in the wild state with necks beginning to swell when the
antlers are fully grown but still in the velvet. The largest buck collected,
with fully grown antlers still in the velvet and slightly rubbery at the tips;
showed  pronounced . neck .swelling.. This is undoubtedly .due to the
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Graf : Axis Deer

Axis deer, showing infraorbital gland. Above : Gland closed, the normal
aspect. Below: Gland open.

The infraorbital gland, seen here as a shallow pouch in front of the eye, can be
opened and closed rapidly under stress of excitement.

(Photos : Lyman Nichols)
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fact that there is no true sexual quiescence in these deer as there is in
northern-climate deer. The physiological condition of the rut, therefore,
appears before the antlers are fully hardened and cleaned.

The odour of these external glands is very mild and is a mildly sweetish,
musky odour that is not unpleasant. It is hardly noticeable to the human
sense of smell except when the glands are held close to the nose. Even
old bucks in full rut have little or no odour. Thereis no comparison
with that of a rutting mule deer buck or bull elk.

On damp days, when trailing deer up-wind, they can often be detected
as much as 50 yards away by a characteristic pungent odour. This, how~
ever, is the odour of the fresh droppings or urine which are almost conti-
nuously being deposited by one or other animalin a herd. This odour
is somewhat similar to that of the fresh dung of cattle, and is
never apparent on the animals themselves.

The genitalia of axis deer are quite similar in appearance to those of
other Cervidae, with no significant differences worth recording. The
mammaries of the does are equipped with four small teats and two rudi-
mentary accessory teats.

Hoors AND TRACKS

The feet of the axis deer are similar to those of other deer of the
same size range. The hoofs are hard and black on the outside but tough
and rubbery on the ventral surface. Hoofs of the front feet are slightly
longer than those of the hind feet, and measure from 41 to 6'1 cm. in
length along the bottom surface. The outer toe on both front and hind
feet is usually slightly longer than the inner one, and all toes taper to a
fairly sharp point. Two dew-claws are present above and to the rear of
the hoofs on each foot.

The front feet of a number of bucks and does were measured with
the idea of comparing them to see if it would be possible to differentiate
between the tracks of bucks and does by track size. Both length and
width of the hoofs were measured, and the data thus obtained were
examined graphically and statistically. The analysis showed that there
was no real difference between the size of the hoofs—and hence
the tracks—of the sexes. The tracks of a large buck may be told from
those of a doe with some chance of correctness if the depth of the track
(determined by the weight of the animal) and the placement of the feet
can be noted, but not by size alone. The judgment of the factors that
go into the making of a track on the ground—the weight of the animal,
the hardness of the soil, the speed of movement, the age of the track, etc.—
all require such continuous experience that a sportsman of today has
little opportunity to acquire the skill of real tracking.

11



650 JOURNAL, BOMBAY NATURAL HIST. SOCIETY, Vol. 63 (3)

Deformed hoofs appear to be common on the deer living in the rain
forest of Molokai where the soil is soft and wet almost continuously,
and where there are few rocks in the ground to wear them down. In
hooved animals, the outer shell of the hoof grows continuously and is
kept worn down by normal abrasion against the soil. Unless driven to
it, wild animals seldom wear their hoofs down too much. Horses,
however, under domestic use commonly show this type of abuse if worked
on hard and rocky soil without shoes. On the other hand, the deer and
goats of the wet forest simply do not get enough wear to keep their hoofs
worn to normal shape and size.

Goats appear to have more trouble in this respect than deer. This is
apparently due to the fact that goat’s feet are normally adapted to rocky,
mountainous, cliff country, and probably have a faster growth rate.
Perhaps they are also harder, and require more wear to keep them in
shape. Deer hoofs in the wet areas showed the abnormal growth,
but the edges seemed to break off in irregular pieces sooner, indicating
that the horn shell is not as tough as, or perhaps is more brittle than,
that of goats.

Deer range in some areas overlaps that of feral goats not only on
Molokai but also on Lanai, and the tracks of both will be found together.
The tracks of the Mouflon sheep (Ovis musimon) and the North American
pronghorn antelope (Antilocapra americana) will also be found in the
deer range on Lanai, The goat tracks are usually much more blocky in
appearance than those of the deer, being wider and blunter, and giving
the impression of a square shape rather than a heart shape, and clear
impressions may be readily distinguished from those of deer. However
the hunter must ever be alert to exceptions. On Molokai, particularly
in the wet forest areas, tracks were often noted that were very much like
those of deer in size and shape, especially the smaller tracks.

~ Mouflon tracks are slightly blunter than those of the deer and show a
somewhat concave outer edge, but the difference is usually apparent
only in very clear impressions. Antelope tracks are even more difficult
to differentiate from deer tracks, but may appear sharper at the tip of the
toe, and may appear more wedge-shaped than those of deer, whose toes
have a more convex outer curve and a concave inner curve. There are
many variations and exceptions to all these characteristics, associated w1th
many vaned conditions.

Voice

One of the most noticeable and interesting characteristics of the axis
deer is its voice. Itis one of the most vocal of all deer, being rivalled by
only a few other Asiatic deer.

There are several fairly well-defined calls uttered by these anundls
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The most commonly heard is the ‘ bark * of alarm or curiosity, which is
a loud, high-pitched ¢ Yowp !’ that is usually repeated several times. A
group of deer seeing something that puzzles or worries them will fre-
quently ‘ bark ’ at it for several minutes or longer while watching intently.
After their curiosity has become satisfied, the calling is discontinued.
It is used more commonly by does and fawns than by adult bucks, al-
though the latter do * bark > when sufficiently aroused by curiosity.

This ° barking * has been heard over a mile away in the high canyons
of the Molokai rain forests, even over the soft noise of drizzling rain ;
and on windless days in the dry lowlands, it has been heard from observed
deer that were a full mile and a half away.

Besides the common curiosity or attention ’ bark, there is a short
explosive yelp of extreme fright or alarm. This is a short ‘ Y-owp !’

r ¢ Yup !’ and is the ultimate in danger signals which all deer within

hearing never fail to heed. If a group of deer is suddenly startled and
badly frightened, the first one spotting the danger will give this warning
yelp, whereupon the whole group, whether or not they too have observed
the danger, will take immediate flight without calling. Both bucks and
dogs use these calls, though the calls of the large bucks are slightly hoarser
and seem to have a bit more power behind them.

_ An interesting, and somewhat comical, s1dehght to these calls is that

the_tail gives a spasmodic up-and-down jerk with each ¢ Yowp L It
almost appears as if some invisible hand is cranking out the *yowps’
by pumping the tail !

Another call appears to be character1st1c only of adult bucks during the
rut, Lydekkey t1901) - describes it -as a - pecuhar,mogmng sort of
bellow’. To us it sounds like a low, hoarse,modification of the normal
call, and imay be perhaps described as sounding like ©yo-0-0-w-w?, or
¢ h-h-a-o-u-u-h’°. It has a low, groaning, forced breathlessness about it
that ismost difficult to describe, and sounds as though it was being uttered
with the last available breath left in the lungs. These calls can be heard
at any time of the day, but most often in the morning or evening or at
night.. Most of them seem to be repeated atintervals of 15 to 20 minutes,
though some have been heard to call at intervals of five minutes for a
period of some fifteen minutes. The callis not loud, but on quiet days is
still easily heard at half a mile. It is an impressive and weird sound and,
in the strange world of giant tree ferns and swirling mists of the cloud
forest, it is a sound that will long be remembered.

The call appears to be a mating call or, more likely, a call signifying
territorial occupation, for bucks with 1dent1ﬁable voices have been heard
to call for days from the same spot. A large buck with a herd of does
was heard to give this call throughout the mid-afternoon, alternating it
with an antlér thrashing of kiawe boughs. Tn the heat of passion the call
becoriies a moaning roar and, during the excitement of a fight or shoving
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contest, bucks often give vent to their rage with a high-pitched, nasal
squeal, somewhat like the ‘ meow * of an excited house cat.

Young fawns also have several calls with which they summon their
mothers. The most common is a high-pitched, nasal °mnaya-ag-ah !’
similar to the squeal of the bucks, and has a kitten-like sound. Another
call begins with a high-pitched, rising whine, and breaks suddenly into
a loud raucous squall: ee-ee-p-Y-A-AH !’. Fawns will of course
squeal or scream shrilly in fright when caught by predators, or when in
pain. Adult deer also will squeal with fright when pulled down by pre-~
dators or when handled in live trapping, though in the latter case they are
not being hurt. Wounded deer have not been heard to utter a sound.

TEETH

The dentition of adult axis deer strongly resembles that of the black-
tail deer but can easily be distinguished from it by the two middle incisors,
which are very wide and shovel-shaped, with the crowns wider than they
are high.

In the lower jaw there are 3 pairs of incisors, one pair of canines
(these appear as the outermost incisors), three pairs of pre-molars and
three pairs of molars — ten pairs in all. The upper jaw contains no
incisors, and in deer a year or more old, no canines. There are three
pre-molars and three molars which correspond to their counterparts
below. The formula for the axis dentition is:

0—-0 0—-0 3 -3 3 =3

e

i 33, & T PR/, M 3oy = 32

In fawns there is a distinct upper canine tooth on each side, located
about midway in the gap between the incisors and first pre-molar. A
great deal of controversy has existed over these canines, and whether they
are or are not present. Pocock (1943) disclaims their presence, simply
because :

¢ They are entirely absent, however, in all the numerous skulls examined in the
British Museum.’ ’

This, at least, serves one purpose—to point out the inadequate age
distribution of the collection. Fooks (1945) merely adds to the confusion
and misinformation by stating :

‘ With reference to Mr. Nolthenius's note on the canine teeth in chital stags
(Vol. 45, No. 1, p. 83), I should like to say that after examining a number of
chital and sambar for their * tushes ” 1 have only found them in a very rudi-
mentary form and then only in older beasts.’

Fooks’s involvement of the sambar as well as his reference to older
beasts indicates that he has not examined enough age classes and is con-
fused on the whole subject. Nolthenius (1944) apparently comes closer
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THE AXIS DEER IN HAWAII 653

to the problem, at least in terms of the exception rather than the rule,
He says :

‘ No doubt these teeth as found in axis, can only be called rudimentary, they are

not solid and fully developed as in the stags of Europe. As a rule they are

just under the skin of the upper gums and have not broken through. In a few
cases they are visible as small white spots.’

‘ They can be lifted out quite easily and rather resemble the thin broken shell of
a tiny egg. It is not surprising that the skulls in the British Museum should
not show any of these teeth as they are lost at once when the flesh has rotted
or the skull has been boiled and cleaned. There is no socket.’

The solution is quite simple. The canines are present in new-born
fawns, actually already being present before birth. These canine teeth
appear as slim, curved tusks, about one-quarter to one-third of an inch
in length. The tooth is imbedded quite firmly at this stage in a very
definite socket. We have found one skull on Molokai from a fawn so
young that the skull bones fell apart, yet the canines were firmly in
place in the tiny upper maxilla. There is indeed a socket, and these
teeth do not readily fall out when the flesh rots away.

The teeth are quite firmly placed in sockets in young fawns, but
gradually loosen as the fawn grows older and usually fall out before
the fawn is a year old. Most of them probably are shed by the time
the fawn is eight months old. After shedding these teeth, the sockets
close up and so are not seen in the adult deer. Occasionally, one or
both of these tiny ‘tusks ’® may be retained by the cartilage of the upper
jaw after having come loose from their bone sockets, and are thus found
in the gums of the older deer.

AGING DEER

The problem of aging animals by their teeth is not easy, and the
determination of the factors by which this can be done is even more
difficult in a study of this kind. One needs at least one or two skulls
of known age from the various age classes, starting with young fawns
and ranging through all adult years. Rarely is this possible. We have
only one skull of known age, a 12-month-old buck plus some informa-
tion on the development from a live deer up to 18 months. Our age
determination is based on the order of appearance and approximate
time of development judged from the known-age deer.

Temporary premolars are fully present by the time a fawn is a few
months old. They can be distinguished by the size and form of the
third premolar, which is long and flat crowned but with three distinct
cusps or crown areas. Viewed from the outside it appears to have
three pillar-like ridges on its side. The first two premolars are shorter
and smaller. The permanent molars are added one at a time in the
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2-4 months

6-9 months

12-14 months

14-16 months

PLATE XI

Lower Jaws of Axis Deer

The first molar is just beginning to show at this age. The milk-
premolars or temporary premolars are all high-crowned with sharp
distinct cusp points. The three-crowned 3rd premolar is distinctive
up to about the 18th or 19th month when it is shed. The middle or
first pair of incisors ar<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>